The average annual soil moisture balance, as derived from the mechanics of storm and interstorm soil moisture movement and from the statistics of the climatic variables, is used to define the average annual soil moisture. This soil moisture is used in the equation for average annual yield to give a first-order approximation of the annual precipitation yield function. This function is used to transform the cumulative distribution function (cdf) of annual precipitation into the cdf of annual yield, and application is made in a subhumid and in an arid climate. The derived yield frequency function is seen to be sensitive to the soil and vegetal properties. Proper selection of these parameters brings close agreement with observed streamflow-frequency and suggests the model's utility for parameterizing drainage basins with respect to effective average soil and vegetal properties.
INTRODUCTION
Planning for water resource development requires, among other things, estimation of the average return period of extreme annual water yields, both high and low. This is done most commonly through extrapolation of some assumed probability distribution (such as the normal, log normal, or extreme value) which has been fitted to the available set of data either for the river basin in question or for one which has been judged to be 'hydrologically similar. ' There are several difficulties with this approach. First, in developing countries in particular, the length of streamflow record is seldom great enough to provide a good estimate of the parameters of a fitted distribution, thus extrapolation to extreme events introduces very large possible errors with all the attendant cost and risk penalties.
Second, in developed countries where there may be an adequate record for fitting and extrapolating an assumed distribution, the activities of man have often created (or can be expected to create over the useful life of the project) changes in the precipitation versus yield relation through urbanization, deforestation, irrigation, etc. In such nonstationary situations the estimation of future behavior based upon observations of the past is also error-prone and provides no mechanism for assessing the impact of man-induced changes. Fourth, when fitting probability distributions to observations, we have little physical basis for our choice of distribution type, yet the shape of the rare event 'tails' is critically dependent upon this choice.
Most of these deficiencies can be corrected, at considerable cost, however, through the use of computer-based simulation of the precipitation-streamflow behavior of the basin. Such simulations accept sequences of appropriately variable precipitation and through the detailed formulation of physical behavior generate sequences of varying streamflow. This very powerful technique has its place in our bag of tricks but is often hard to justify for reasons of time and cost.
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In this work a new analytical method of addressing water yield problems is developed and demonstrated. It answers the first difficulty by using the hitherto neglected statistical properties of the individual storms to derive an improved estimate of the cumulative distribution function (cdf) of annual yield from only a few years of observation. It responds to the second difficulty by deriving the water yield statistics in terms of observable properties of the catchment's climate-soil-vegetation system. Therefore changes in risk due to man-induced alteration of the system can be explored directly. The third difficulty is addressed elsewhere through the derivation of the dimensionless parameters governing the dynamic similarity of the water budget [Eagleson, 1978c] . By deriving the probability distributions of the individual water budget components from physically based equations the empirical fitting of distributions is shifted back to the independent variables where generality of the chosen distributions is more likely. This responds to the fourth difficulty as well as can be done with the present understanding of the precipitation-generating processes. 
With appropriate aggregation it may be possible to write the independent variables of (4) in terms of their annual values to obtain Ya = g•{Pa, EpA*, rK(1); parameters}
where EvA* is the annual potential evapotranspiration from soil moisture, K(1) is the saturated effective hydraulic conductivity of the soil, and the parameters define the soil and vegetation.
If we can identify the function g•( ) of (5), we have not only the useful relation between yield and climate, but also (and perhaps more importantly) we have the analytical basis for deriving the distribution of Ya from known distributions of and Pa, EVA*, and r. The average annual water balance [Eagleson, 1978c] will provide the basis for our approximation of the function g,( ).
WATER BALANCE EQUATION
The average annual balance of soil moisture has been formulated dimensionlessly [Eagleson, 1978c] for regions in which snowfall is a minor contributor to annual precipitation. This is, for non-zero surface runoff, 
Assuming that the vegetal cover has reached its 'growth equilibrium' density M0 for the given species [Eagleson, 1978c] 
Analysis of (6) [Eagleson, 1978c] 
The cdf of annual precipitation is obtained by fitting the set of annual observations if the period of record is adequate. 
MODEL VERIFICATION
By assuming that there is to be no import or export of water through mechanisms not considered in deriving (6) this onedimensional ('point') r•lationship will be applied to entire natural watersheds. In this application we are, in effect, integrating (7) over the spatially variable soil and climate parameters and variables. We will assume that the groundwater and surface water basins share a common mouth and that yield is adequately approximated by total streamflow. This provides effective spatial integration for the left-hand side of (7). The right-hand side must therefore also be in terms of' integrated o• 'effective' parameters which may differ from those measured at a single point in the Watershed. •From visual best fit.
We have assembled the available annual streamflow data for In both cases the rate of potential evaporation was estimated [Eagleson, 1978f] by using mean annual temperature, humidity, wind speed, and cloud cover data from the nearest U.S. Weather Service station reporting these values. The remaining dependent climate parameters were calculated by definition [Eagleson, 1978c] by using the independent values of Table 1. To calculate the parameters of (6) and (7), it is also necessary to know the independent soil parameters n, k(1), and c, the water table depth Z, the vegetation parameters M and ko, and the surface retention capacity h0. No direct observations of these parameters were available, consequently, 'verification' can consist only of a comparison of the observed yield frequency with that predicted by (31) for various reasonable sets of parameter values.
The water table effect is likely to be negligible, thus we will assume, in all cases, that w = 0 (Z = •o).
2. From an extensive study of natural soils by Holtan et al. I1968] we have selected four consistent sets of independent soil parameters chosen to span the range of observations. These values are listed in Table 2 . The corresponding dependent soil parameters were calculated according to their definitions [Eagleson, 1978b] .
3. Topographic maps of the watersheds indicate the presence of vegetation in both cases. However, the use of (17), the 'growth equilibrium' hypothesis, obviates the need to estimate the vegetal canopy density M. Under this hypothesis [Eagleson, 1978c], M takes on the value M0, which is defined as that at which, for PA = mpA and the given ko, the average soil moisture So is a maximum. In humid climates where the coefficient of variation of PA is small we expect the natural vegetation to consist primarily of perennial varieties and do not expect a significant year-to-year change in M toward a new equilibrium as the soil moisture level fluctuates. In arid climates, however, where the coefficient of variation of Pn is large, we expect the natural vegetation to contain a significant 4. If we assume no limitation in nutrient or light supply, the 'evolutionary equilibrium' hypothesis for natural vegetal systems [Eagleson, 1978c] As an aid in the interpretation of these illustrations, Figure 6 presents the variation of annual bare soil evapotranspiration with the principal soil properties at Clinton and at Santa Paula for the special case ho = 0. In discussing the qualitative differences between these two climates, Eagleson [1978c] noted that in the subhumid case the atmospheric capacity to absorb moisture was limited (relative to the supply), and hence variations in the soil moisture supply caused either by precipitation changes or by variations in soil permeability caused little or no change in the actual evapotranspiration (except for impermeable soils). In the arid climate, however, there is an excess of atmospheric moisture capacity (relative to the supply), and thus the actual evapotranspiration is extremely sensitive to changes in either the precipitation or the soil properties.
Therefore under the most humid conditions, where evapotranspiration is insensitive to Pa, equation (2) In both cases it should be noted that the mean yield for the most permeable soil, the sandy loam, exceeds that of the next most permeable soil, the silty loam. This reversal in the general trend toward higher mean yield for less permeable soils was noted in an earlier paper [Eagleson, 1978c] and results from the weak capillary forces in the very permeable soils being unable to hold soil moisture against gravity. The bulk of infiltrated water thus becomes groundwater yield instead of evapotranspiration.
Recognizing that these two vegetal systems may not have reached equilibrium due to limitations by nutrition, light, or some other ecological factor, we will explore suboptimal M-kv combinations. Reasoning that an energy limitation is most likely (i.e., nutrition or light) and that such a limitation will affect primarily the evolutionary process, we will relax the requirement that ko = koo, while we retain the short-term 
